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Abstract
Rehabilitation programs have an important place in the treatment of ankylosing spondylitis (AS), but there is no compre-
hensive bibliometric research that assesses publications on AS rehabilitation in a holistic way. The aim of this study was to 
investigate the quantity and quality of articles related to AS rehabilitation and to reveal the features of global productivity in 
this topic. This bibliometric study was conducted utilizing the Web of Science (WoS) database with the keywords ‘ankylos-
ing spondylitis rehabilitation’, ‘ankylosing spondylitis exercise’, ‘ankylosing spondylitis physical therapy’ and ‘ankylosing 
spondylitis physiotherapy’. The number of articles, citations, and main active countries were determined and trend analyses 
were performed. A total of 792 articles were reviewed. The articles originated from 51 different countries, 22 of which met 
the main active country criteria. A significant increase trend was detected in the number of articles between 2000 and 2019 
(p < 0.001). The five most productive countries were Germany (n = 111; 14.02%), Turkey (n = 98; 12.37%), the United States 
(n = 71; 8.96%), the United Kingdom (n = 53; 6.69%) and the Netherlands (n = 53; 6.69%). The highest values in number of 
articles per million population were calculated in Norway, the Netherlands and Austria, respectively. In the analysis according 
to GDP, Norway, the Netherlands and Turkey were ranked as the first three. The top three countries for the average citation 
count were France, Netherlands and Germany. This bibliometric study can be considered as an assessment and summary 
of worldwide scientific production on AS rehabilitation. The data demonstrate an increasing trend in research productivity 
since 2000. European countries were seen to be at the forefront both quantitatively and qualitatively in this area.
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Introduction
Ankylosing spondylitis (AS) is a progressive rheumatic dis-
order with chronic inflammation, predominantly affecting 
the axial skeleton, with potential involvement of peripheral 
joints, entheses, and extra-articular regions [1]. AS gradu-
ally induces new bone formation, syndesmophytes, and 
ankylosis, resulting in structural damage which leads to dif-
ficulty in daily living activities and deterioration in qual-
ity of life [2, 3]. Non-pharmacological treatment options, 
especially exercise programs are an integral part of the AS 
treatment [4].
Bibliometric analysis is a tool that statistically evalu-
ates articles published in a specific subject or field within 
a certain date range [5]. Nowadays, when the literature is 
rapidly expanding, bibliometric analysis presents objective 
and practical data on scientific outcome. It allows the com-
parison of various scientific data between countries, institu-
tions and researchers, and temporal trend analysis of data 
can be assessed [6]. Bibliometric analysis presents summa-
rized data in a specific area, and researchers can reveal novel 
perspectives by evaluating past and current data [7].
Although there have been bibliometric studies on dif-
ferent rheumatic diseases such as AS, Sjögren’s syndrome, 
psoriatic arthritis and Behçet disease, a comprehensive 
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bibliometric study summarizing and presenting research on 
AS rehabilitation has not been carried out as yet [8–11]. 
Considering the role of rehabilitation and exercise programs 
in the treatment of AS, this deficiency creates an important 
gap in the literature. It is substantial to reveal the 20-year 
course of articles related to AS rehabilitation Thus, it is 
ensured that trends in research activities are evaluated over 
time. Our study allows to assess the worldwide interest in 
this particular topic. The data may raise awareness in the 
background countries and present supporting argument 
for health policies, such as directly increasing resources in 
the field of AS rehabilitation. Researchers can contact and 
collaborate with authors or institutions active in AS reha-
bilitation. Therefore, the aim of this study was to assess 
scientific articles on AS rehabilitation quantitatively and 
qualitatively through the Web of Science (WoS) database. 
It was also aimed to identify the most influential studies by 
performing bibliometric analysis of scientific articles on AS 
rehabilitation.
Materials and methods
The methodology of this study was planned with reference 
to similar studies in the literature [8, 12, 13]. Bibliometric 
data were extracted using the WoS database. The WoS is a 
reliable database frequently used by researchers to obtain 
citation data and other academic impact information. In 
addition, this database was preferred as it has often been 
used in similar bibliometric studies in the literature [14–16]. 
A topic search was made with the keywords ‘ankylosing 
spondylitis rehabilitation’, ‘ankylosing spondylitis exercise’, 
‘ankylosing spondylitis physical therapy’ and ‘ankylosing 
spondylitis physiotherapy’ used for the listing of articles. 
The date range was January 2000–December 2019.
The articles were recorded by two researchers (AA and 
BFK) (access date: 29.09.2020), duplicated articles were 
removed, and a data pool was created. Only original arti-
cles and reviews were obtained from the data pool and other 
types of publications such as case reports, book chapters, 
meeting abstracts, scientific letters, editorial papers and 
corrections were not used for the further analyses [17, 18]. 
The total number of articles, year of article, country where 
the article was sourced and citation data were noted. Index-
ing status in Science Citation Index Expanded (SCIE) and 
Emerging Sources Citation Index (ESCI) was noted for each 
journal. In addition, SCIE journals were recorded as quarter 
1 (Q1), quarter 2 (Q2), quarter 3 (Q3) and quarter 4 (Q4).
The total number of articles published each year from 2000 
to 2019 was evaluated. The method in similar studies was 
used to determine the country of studies with authors from 
different countries and the corresponding author’s coun-
try was considered as the country of the article [9]. The 
population size and gross domestic product (GDP) data of 
each country were extracted from ‘https:// www. cia. gov/ libra 
ry/ publi caito ns/ the- world- factb ook’ and the number of arti-
cles was evaluated based on these data. The total number of 
articles and citations of the countries were calculated. The 
average citation count was obtained by dividing the total 
number of citations by the total number of articles for each 
country. The countries were separated into four groups as 
defined by the World Bank: high-income, upper middle-
income, low-middle-income, and low-income.
Countries providing 1% or more of the total number of 
articles within the specified date range were classified as 
main active countries [19, 20]. The contribution rate of main 
active countries was calculated through the formula of ‘num-
ber of articles per country/total number of articles’.
The five most productive countries and the top five jour-
nals were determined based on the number of articles pub-
lished. The five most productive countries for each journal 
in the top five were determined according to the number of 
articles.
Statistical analysis
The bibliometric analysis was performed using the Statisti-
cal Package for the Social Sciences version 20.0 software 
(SPSS Inc., Chicago, IL, USA). Data were expressed as 
number (n) and percentage (%). Regression analysis was 
performed to determine the yearly trend of the number of 
articles between 2000 and 2019. A value of p < 0.05 was 
accepted as statistically significant.
Results
From the search using the 4 keywords, a total of 1068 pub-
lications were identified. These 4 keywords were selected 
to cover all publications related to AS rehabilitation. Origi-
nal articles, and reviews were selected from these articles; 
duplicated and irrelevant papers were excluded. Finally, a 
total of 792 articles were acquired for analysis. When the 
trend analysis of the number of articles over the years was 
performed, a statistically significant increase was detected 
(p < 0.001) (number of articles in 2000 = 15; number of arti-
cles in 2019 = 69; a 4.6-fold increase).The articles originated 
from 51 different countries, 22 of which met the main active 
country criteria. High-income countries provided more than 
three quarters of the articles (n = 615; 77.65%), followed by 
upper middle-income countries (n = 164; 20.71%) and lower 
middle-income countries (n = 13; 1.64%). No article on this 
topic was identified from low-income countries (Fig. 1). 
The five most productive countries were listed as follows: 
Germany (n = 111; 14.02%), Turkey (n = 98; 12.37%), the 
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United States (n = 71; 8.96%), the United Kingdom (n = 53; 
6.69%) and the Netherlands (n = 53; 6.69%) (Fig. 2). An 
increasing trend in the number of articles was detected in 
Turkey (number of articles in 2000 = 1; number of arti-
cles in 2019 = 8), the United States (number of articles in 
2000 = 2; number of articles in 2019 = 8) and the United 
Kingdom (number of articles in 2000 = 1; number of arti-
cles in 2019 = 4) (p < 0.05). Germany (number of articles in 
2000 = 5; number of articles in 2019 = 7) and the Nether-
lands (number of articles in 2000 = 0; number of articles in 
2019 = 1) were seen to have a stable course over the years in 
terms of the number of articles (p > 0.05).
The contribution rates of the five most productive coun-
tries between 2000 and 2019 are shown in Table 1. Germany, 
which ranked first in total contribution rate, has declined in 
the last 2 years, whereas in 2018, the United Kingdom and 
the United States, and in 2019, Turkey and the United States 
came to the fore.
A total of 22 countries were found to be in the main active 
country group in terms of articles related to AS rehabili-
tation. This country group provided more than four-fifths 
of the total number of articles (n = 706, 89.14%). Of these 
countries, 19 were in the high-income group, and 3 (Turkey, 
China and Brazil) were in the upper middle-income group. 
The number of articles produced by low middle-income and 
low-income countries did not reach the active country level.
The number of articles were adjusted for per million pop-
ulation and GDP. The highest values per million population 
were calculated in Norway (6.04), the Netherlands (3.06) 
and Austria (2.15), respectively. In the analysis according 
























Fig. 2  Number of articles in the 























to GDP, Norway (8.68), the Netherlands (5.76) and Turkey 
(4.86) took the first three places. The top three countries for 
the average citation count were France (41.69), the Nether-
lands (39.90) and Germany (34.87). Thes data are presented 
in Table 2.
A total of 610 (77.02%) papers were original articles and 
182 (22.98%) were review articles. The average number of 
citations for both article types was evaluated, and calculated 
as 20.41 for original articles and 32.91 for review articles.
SCIE journals published the majority of articles (n = 719; 
90.78% for SCIE journals and n = 73; 9.22% for ESCI jour-
nals). The average citation count was 25.20 for articles 
published in SCIE journals and 4.40 for ESCI journals. In 
addition, 161 (22.39%) articles were published in Q1 SCIE 
journals, 208 (28.93%) in Q2 SCIE journals, 184 (25.59%) 
in Q3 SCIE journals and 166 (23.09%) in Q4 SCIE journals.
The five most active journals in the five most produc-
tive countries were identified. The first ranked journals for 
Germany, Turkey, the United States, the United Kingdom 
and the Netherlands were determined as Aktuelle Rheuma-
tologie (Aktuelle Rheumatol), Rheumatology International 
(Rheumatol Int), Arthritis Care and Research (Arthritis Care 
Res), and Rheumatology and Arthritis Care Res, respectively 
(Table 3).
The five journals which published the highest number of 
articles on AS rehabilitation were Journal of Rheumatol-
ogy (J Rheumatol) (n = 55, 6.94%), Clinical Rheumatology 
(Clin Rheumatol) (n = 50, 6.31%), Rheumatol Int (n = 45, 
5.68%), Arthritis Care Res (n = 37, 4.67%), and Rheumatol-
ogy (n = 31, 3.91%). The five most active countries in these 
five journals are presented in Table 4. The countries ranked 
first for each journal are as follows: Canada in J Rheuma-
tol, Turkey in Clin Rheumatol, Turkey in Rheumatol Int, 
the Netherlands in Arthritis Care Res and the United King-
dom in Rheumatology. No country was on the list of all five 
journals. The United States, the United Kingdom and the 
Netherlands were on the lists of four journals.
Following the exclusion criteria, it was identified that 
45 (5.68%) articles were published in Rheumatol Int. Total 
number of citations was 1275 and average number of cita-
tions per article was calculated as 28.33. Articles providing 
from 18 different countries were determined. A total of 24 
(53.33%) articles were provided from high-income countries 
and 21 articles (46.66%) upper middle-income countries. 
The top five countries in Rheumatol Int were Turkey (n = 16, 
35.55%), United Kingdom (n = 3, 6.66%), Germany (n = 3, 
6.66%), China (n = 3, 6.66%) and Italy (n = 3, 6.66%).
Discussion
It is necessary to identify and interpret worldwide research 
productivity trends in specific areas to assess scientific pro-
gress and manage resources in the most appropriate way. 
Table 1  Contribution rate of the 
five most productive countries 
between 2000 and 2019
%Percentage
Year Germany (%) Turkey (%) United States (%) United King-
dom(%)
Netherlands (%)
2000 33.33 6.66 20 6.66 0
2001 30 0 10 0 10
2002 15.78 0 10.52 10.52 31.57
2003 31.57 5.26 5.26 5.26 5.26
2004 20.83 8.33 8.33 12.50 8.33
2005 15.62 21.87 9.37 3.12 12.50
2006 28.57 10.71 17.85 3.57 10.71
2007 9.37 12.50 9.37 3.12 9.37
2008 23.07 12.82 10.25 5.12 5.12
2009 14.28 16.66 9.52 2.38 16.66
2010 12.50 12.50 3.12 12.50 6.25
2011 13.15 26.31 13.15 0 5.26
2012 10 10 2 6 10
2013 20.83 14.58 6.25 10.41 4.16
2014 13.11 14.75 6.55 6.55 4.91
2015 8 6 6 8 10
2016 5.08 11.86 8.47 1.69 1.69
2017 13.63 13.63 10.60 10.60 3.03
2018 5.08 10.16 11.86 13.55 1.69
2019 10.14 11.59 11.59 5.79 1.44
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The current study is the first to use a bibliometric method to 
assess the contributions of different locations in the world 
to research in AS rehabilitation. The number of articles pub-
lished in the field of AS rehabilitation has increased over the 
course of 20 years, indicating that researchers and journals 
have increased interest in AS rehabilitation. High-income 
countries were seen to have produced the majority of the 
articles on this topic, and 19 out of 22 main active countries 
were in the high-income country category. This is not a sur-
prising result, as the relationship between the economic size 
of countries and scientific productivity has previously been 
emphasized in the literature [21].
Table 2  The main active 
countries between 2000 and 
2019
n: number of articles, %: percentage,
na: number of articles per million population, nb: number of articles per $ 100 billion gross domestic prod-
uct
Country n (%) na nb Total citations Average citations
Germany 111 (14.01) 1.38 2.76 3871 34.87
Turkey 98 (12.37) 1.19 4.86 1723 17.58
United States 71 (8.96) 0.21 0.36 2333 32.85
United Kingdom 53 (6.69) 0.81 1.82 932 17.58
Netherlands 53 (6.69) 3.06 5.76 2115 39.90
China 36 (4.55) 0.03 0.14 224 6.22
Italy 36 (4.55) 0.57 1.55 759 21.08
Canada 34 (4.29) 0.90 1.92 973 28.61
Norway 33 (4.17) 6.04 8.68 1055 31.96
France 26 (3.28) 0.38 0.91 1084 41.69
Spain 24 (3.03) 0.48 1.36 351 14.63
Austria 19 (2.40) 2.15 4.32 216 11.36
Sweden 17 (2.15) 1.67 3.33 250 14.71
Australia 16 (2.02) 0.63 0.06 171 10.68
Brazil 15 (2.20) 0.07 0.46 252 16.80
South Korea 10 (1.26) 0.19 0.49 137 13.70
Switzerland 10 (1.26) 1.19 1.92 266 26.60
Taiwan 10 (1.26) 0.42 0.85 116 11.60
Romania 9 (1.14) 0.42 1.88 92 10.22
Denmark 9 (1.14) 1.54 3.21 86 9.56
Portugal 8 (1.01) 0.78 2.58 49 6.13
Belgium 8 (1.01) 0.68 1.54 67 8.38
Table 3  The five most active journals in the five most productive countries
n: number of articles
Aktuelle Rheumatol: Aktuelle Rheumatologie, Z Rheumatol: Zeitschrift für Rheumatologie, Ann Rheum Dis: Annals of the Rheumatic Diseases, 
Phys Medizin Rehabilitationsmedizin Kurortmedizin: Physikalische Medizin, Rehabilitationsmedizin, Kurortmedizin, J Rheumatol: Journal of 
Rheumatology, Rheumatol Int: Rheumatology International, Clin Rheumatol: Clinical Rheumatology, Arch Rheumatol: Archives of Rheumatol-
ogy, J Clin Rheumatol: Journal of Clinical Rheumatology, J Back Musculoskelet Rehabil: Journal of Back and Musculoskeletal Rehabilitation, 
Arthritis Care Res: Arthritis Care and Research, Curr Opin Rheumatol: Current Opinion in Rheumatology, Clin Exp Rheumatol: Clinical and 
Experimental Rheumatology, BMC Musculoskelet Disord: BMC Musculoskeletal Disorders, Arthritis Res Ther: Arthritis Research and Therapy
Rank Germany (n) Turkey (n) United States (n) United Kingdom (n) Netherlands (n)
1 Aktuelle Rheumatol (23) Rheumatol Int (16) Arthritis Care Res (7) Rheumatology (9) Arthritis Care Res (8)
2 Z Rheumatol (22) Clin Rheumatol (13) Curr Opin Rheumatol (6) J Rheumatol (6) Ann Rheum Dis (7)
3 Ann Rheum Dis (7) Arch Rheumatol (11) J Rheumatol (6) Musculoskeletal Care (4) J Rheumatol (6)
4 Phys Medizin Rehabilita-
tionsmedizin Kurortmedi-
zin (6)
J Clin Rheumatol (4) Ann Rheum Dis (3) Arthritis Care Res (3) Rheumatology (5)
5 J Rheumatol (5) J Back Musculoskelet 
Rehabil (4)
Clin Exp Rheumatol (3) BMC Musculoskelet Disord (3) Arthritis Res Ther (4)
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The fact that the five most productive countries in AS 
rehabilitation were Germany, Turkey, the United States, 
the United Kingdom and the Netherlands demonstrated 
that economic and development levels of the countries 
were effective determinants. Of these countries, only Tur-
key is not in the high-income group. The interest of physi-
cal medicine and rehabilitation specialists in rheumatology 
may be the reason for the high number of articles provided 
from Turkey. This result also shows that European coun-
tries are at the forefront in the field of AS rehabilitation.
Germany was seen to rank first in terms of the total 
number of citations. Although this can be explained by 
the fact that it is the country with the highest total number 
of articles, the effect of being the third in the number of 
average citations is also significant. This result reveals that 
Germany produced a higher number of articles without 
sacrificing quality.
Although France was 10th in terms of number of arti-
cles, it ranked first in the average citation numbers, fol-
lowed by the Netherlands and Germany. This suggests that 
European countries are at the forefront not only quantita-
tively but also qualitatively.
The number of articles produced by high-income and 
non-high-income countries has been proportioned in simi-
lar bibliometric studies, and it has been emphasized that 
this ratio is 90/10 in favor of high-income countries [22]. 
Although the current study determined the dominance of 
high-income countries, it did not reach this ratio, which 
was due particularly to Turkey which was ranked second in 
terms of the number of articles, and China and Brazil. The 
inadequacy of low-middle-income and low-income coun-
tries in producing articles can be attributed to policy mak-
ers not giving priority to research, limitations in research 
budgets, and a shortage of researchers.
After the results were adjusted according to population 
size, Norway, the Netherlands, and Austria were ranked as 
the top three. In the analyses based on GDP, Norway, the 
Netherlands and Turkey took the first three places. This 
suggests that relatively small European countries have 
superiority in completely utilizing their researchers and 
funds, and find the optimum way to use human resources 
and budgets.
The fact that more than 90% of the articles were pub-
lished in SCIE journals showed that SCIE journals dominate 
AS rehabilitation-related research. The articles published in 
journals indexed in SCIE and ESCI were evaluated in terms 
of average citation numbers and the results were in favor 
of articles published in SCIE journals (25.20 vs 4.40). The 
SCIE journals were not only numerically superior, but there 
was also a striking difference from ESCI journals in terms 
of quality. ESCI journal editors should strive to reduce this 
gap, be more selective, and prioritize quality. Although the 
number of articles published in Q1, Q2, Q3 and Q4 SCIE 
journals showed a relatively balanced distribution, the lowest 
rate was detected in Q1 journals, although the difference was 
minimal. Researchers interested in AS rehabilitation should 
plan articles with higher quality and accurate methodology 
that can be published in Q1 journals.
The five most active journals in the five most productive 
countries were identified as Aktuelle Rheumatol in Germany, 
Rheumatol Int in Turkey, Arthritis Care Res in the United 
States, Rheumatology in the United Kingdom and Arthritis 
Care Res in the Netherlands. As in previous studies, these 
results suggest that journals give priority to articles sourc-
ing from their respective countries [8, 9]. Aktuelle Rheu-
matol—Germany, Arthritis Care Res—United States, and 
Rheumatology—UK relationships support this interpreta-
tion. In addition, researchers may prefer submitting articles 
to journals in their region, and past habits may have led to 
this result.
The five journals which published highest number of 
articles on AS rehabilitation were J Rheumatol, Clin Rheu-
matol, Rheumatol Int, Arthritis Care Res, and Rheumatol-
ogy. The interesting point is that a rehabilitation journal did 
not publish articles at the level to be included in this list. 
This may be due to the fact that rehabilitation journals do 
not prioritize rheumatological rehabilitation, and research-
ers may have preferred rheumatology journals in this field. 
The countries ranked first for each journal were Canada in J 
Rheumatol, Turkey in Clin Rheumatol, Turkey in Rheumatol 
Table 4  Top five countries in the five most active journals
n: number of articles
J Rheumatol: Journal of Rheumatology, Clin Rheumatol: Clinical Rheumatology, Rheumatol Int: Rheumatology International, Arthritis Care 
Res: Arthritis Care and Research
Rank J Rheumatol (n) Clin Rheumatol (n) Rheumatol Int (n) Arthritis Care Res (n) Rheumatology (n)
1 Canada (14) Turkey (13) Turkey (16) Netherlands (8) United Kingdom (9)
2 United States (7) China (7) United Kingdom (3) United States (7) Netherlands (5)
3 United Kingdom (6) Netherlands (3) Germany (3) Canada (6) Italy (3)
4 Netherlands (6) United States (3) Italy (3) France (3) United States (2)
5 Germany (5) Czechia (3) China (3) United Kingdom (3) Germany (2)
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Int, the Netherlands in Arthritis Care Res and the United 
Kingdom in Rheumatology. The United States, the United 
Kingdom and the Netherlands were on the lists of four jour-
nals. These results showed the impact of these countries 
on academic productivity related to AS rehabilitation. The 
reason why Germany, which ranked first in the number of 
articles, was not in the first place of any of the five journals, 
is that the authors preferred Germany-based journals such 
as Aktuelle Rheumatol and Zeitschrift für Rheumatologie 
(Z Rheumatol).
This study had some limitations. The literature review 
was performed using the WoS database and no other data-
base was used. If a different database, such as Google 
Scholar or Scopus had been integrated into the study, the 
results may have been different. WOS was preferred because 
it is the most reliable database for citations and has been 
frequently utilized in similar bibliometric analysis. Only 
articles in English were reviewed. Although articles pub-
lished before 1990 were not evaluated, an anlysis of 20 years 
was considered sufficient. The self-citations could not be 
removed from the citation data pool, and there was no evalu-
ation of authors and institutions as the data were large and 
complex. Despite all these limitations, given the comprehen-
sive, scientific and objective methodology performed, the 
data of this study can be considered to provide an accurate 
perspective on worldwide research productivity in the field 
of AS rehabilitation.
Conclusion
Between 2000 and 2019, the number of AS rehabilitation 
articles showed a significant increasing trend from year to 
year. Nearly all of the articles were provided by high-income 
and upper middle-income countries. European countries are 
at the forefront both quantitatively and qualitatively in the 
field of AS rehabilitation, and this field is dominated by 
rheumatology journals rather than rehabilitation journals. 
With these results, countries that provide fewer articles in 
the field of AS rehabilitation have emerged. Health manage-
ment authorities in these countries can increase funding and 
support on AS rehabilitation researches. To overcome this 
deficiency, researchers can contact leading institutions and 
authors on AS rehabilitation and plan collaborations. Thus, 
it may be possible to share experiences. The results can raise 
awareness in journal editors. Editors may give priority to 
articles related to AS rehabilitation, particularly in journals 
with low number of articles in this field.
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